OBJECTIVE: To evaluate mortality on the first day of life by minute and hour, and examine changes in major causes of death in the past three decades. STUDY DESIGN: We evaluated mortality on the first day of life by the hour (0, 1, …, 23 h), and in the first hour by 5-min block (0-4, 5-9, …, 55-59 min) using data on cause of death for 15 690 infants in Canada from 1981 to 2012. RESULTS: Infant mortality on the first day declined from 2.60 per 1000 in the 1980s to 1.26 in the 2000s. The decline was greater at 6-23 h than at 0-5 h of life, and among infants with congenital anomalies compared with prematurity and birth asphyxia. CONCLUSION: Infant mortality is highest on the first day of life. More focus on prematurity and birth asphyxia in the first 5 h of life is needed to improve infant mortality. Journal of Perinatology (2015) 35, 958-964 
INTRODUCTION
Neonatal mortality accounts for nearly half of deaths in children under-5 in America, 1 with risks up to 30 times greater than in the post-neonatal period. 2 Progress has been slower in reducing neonatal than post-neonatal mortality. [2] [3] [4] [5] [6] Mortality in the first week of life has improved even less, with 28% of children under-5 dying in the first week in 2000 compared with 23% in 1980. 2 At present, 75% of neonatal deaths occur in the first week of life, with 25-45% of these on the first day. 2, 7 Risk of death in the first few days is higher than at any other point in life. 7 Although neonatal mortality is improving, 2-6 day-to-day trends are rarely reported. The contribution of different causes of death to daily trends is also poorly understood. The data available only tell us that early-neonatal mortality is disproportionately caused by preterm and intrapartum-related conditions, 8 and that preterm infants take a larger share of infant deaths with time. 9, 10 Remarkably little is known on the time of death in the initial hours after birth, despite the hazards of the first day. 3, 8 Whether causes of death in the immediate minutes and hours after birth differ from later in the day or week is not documented. This makes it challenging to know what causes to target to reduce mortality on the first day.
We examined trends in mortality on the first day of life by minute and hour, using three decades of data for a large Canadian province. In 2013, Canada had the second highest proportion of neonatal deaths on the first day out of 57 high-income countries, 7 and the second highest mortality rate after the United States. 11 
PATIENTS AND METHODS Data
We analyzed 2 717 196 infants born weighing ⩾ 500 g between 1981 and 2012 in the province of Quebec, where approximately a quarter of Canadians reside. Data were drawn from live birth and death registration certificates, covering the entire population of Quebec. In total, 13 831 infants with birth weight ⩾ 500 g died during the study. In the main analysis, we excluded 1859 deaths weighing o500 g (n = 1915 live births), as registration of extremely low birth weight neonates potentially increased over time. Increased registration of infants weighing o500 g artificially inflates mortality rates in Canada. 12 Infant mortality was defined as death before 365 days of life. Age of death was compiled by minute for the first 24 h of life, by hour for the next 6 days, by day for the subsequent 27 days and monthly thereafter. We first determined whether deaths were in the early (0-6 days), late (7-27 days) or post (28-364 days) neonatal period, a common classification of infant mortality. 7 Second, we assessed mortality in the first month by the day (0, 1, …, 27 days), in the first day by the hour (0, 1, …, 23 h) and in the first hour by 5-min block (0-4, 5-9, …, 55-59 min). This latter classification allowed us to distinguish trends during the first day, without resulting in small sample sizes that precluded data analysis. In this study, the notation 'day 0' refers to the first 23 h and 59 min of life. 7 A death at exactly 24 h of life is included in 'day 1'.
We grouped the principal cause of death using an international classification system 13 used by the Canadian Perinatal Surveillance System. 14 Categories included (1) congenital anomaly, (2) prematurity, (3) asphyxia, (4) infection, (5) sudden infant death syndrome, (6) injury and (7) unexplained disorders. As this approach resulted in many unclassified deaths, we also included causes related to (8) maternal, (9) perinatal and (10) all remaining disorders ( Supplementary Table S1 ). We coded the cause of death using the International Classification of Diseases, with the 9th revision before 2000 and the 10th thereafter.
Data analysis
We calculated early-, late-and post-neonatal mortality rates (95% confidence interval), as well as rates by minute, hour, day and month of life. To assess changes with time, we computed rates for 1981-1990, 1991-2000 and 2001-2012 , and used rate ratios and risk differences to compare 2001-2012 with 1981-1990.
To evaluate changes in the distribution of causes, we calculated the proportion for each cause by decade according to minute, hour, day and month of life. We used the Cochran-Armitage trend statistic to examine changes between decades in the proportion of deaths from any given cause. In sensitivity analyses, we included births weighing o 500 g, in the event that the increase in registration was not an artifact.
We carried out analyses in SAS 9.3 (SAS Institute Inc., Cary, NC, USA). The University of Montreal Hospital Centre waived ethical review as the 1 data were anonymous, and we complied with the Tri-Council Policy Statement for ethical conduct of research involving humans in Canada.
RESULTS
Age-specific mortality Infant mortality decreased from 8.37 to 3.41 per 1000 between 1981 and 2012, with most of the improvement occurring in the first two decades (Figure 1 , upper panel). The decline was driven by early-neonatal mortality that fell from 5.06 to 1.73 per 1000 in the last period. Post-neonatal mortality declined from 2.32 to 1.06 per 1000, but there was little to no change in late neonatal mortality. When examined month-by-month, the largest improvement was in the first month of life, with mortality declining from 4.97 per 1000 in the 1980s to 2.44 in the 2000s (Figure 1 , lower panel).
Day-to-day trends indicated that mortality was higher on the first day that at any later point ( Figure 2 , upper panel). The decline in mortality was largest on day 0, decreasing from 2.60 to 1.26 per 1000 between the 1980s and 2000s. Mortality on day 1 decreased progressively until day 6, before stabilizing in the 2000s.
On day 0, mortality was highest in the first hour, decreasing linearly until the third hour ( Figure 2 , central panel). Mortality in the next 9 h was stable, but slightly higher than in the last 12 h. Mortality peaked at the 12th hour, probably due to preference for recording this age when the exact time of death was uncertain. By the 2000s, however, digit preference for the 12th hour disappeared. It is also interesting that mortality during hours 0-5 improved between the 1980s and 1990s, but not thereafter. By the 2000s, morality in the first hour was 4.07 per 10 000.
During hour 0, mortality was highest in the first 30 min (Figure 2 , lower panel). Between the 1980s and 2000s, mortality decreased more in the first 30 min than in the second 30 min.
Cause of death: first day vs later
The first day of life accounted for one-third of infant deaths, a proportion stable over time (Table 1 ). In contrast, days 1-6 accounted for fewer deaths with time (21.8% in the 1980s vs 16.8% in the 2000s), and days 7-27 accounted for more (11.3% in the 1980s vs 17.3% in the 2000s).
In 2001-2012, causes of death more heavily concentrated on the first day included prematurity (57.4%), asphyxia (48.6%), congenital anomaly (29.0%) and maternal disorders (80.3%; Table 1 ). With time, only asphyxia and perinatal disorders had a smaller fraction of deaths on day 0, though the fraction on days 1-27 increased. Prematurity, congenital anomaly and infection had a progressively smaller fraction on days 1-6, but larger fraction of later deaths. These trends coincided with a statistically significant decrease in mortality rates with time for all causes, except prematurity, asphyxia, infection, maternal and perinatal disorders on days 7-27. 
Cause of death by minute and hour
On day 0, the fraction of deaths in the first 30 min was stable over time, with~6% in the first 10 min and 10% in the next 20 min ( Table 2 ). The proportion of deaths in hours 1-5 increased from 34.8% in the 1980s to 46.9% in the 2000s, and the proportion in hours 6-23 decreased from 39.5 to 20.7%. in table) . With time, there was little change in how any cause was distributed in the first 30 min. Between 30 min and 5 h, however, the fraction of deaths due to prematurity increased, and at 6-23 h the fraction decreased. Similarly, most causes in the last decade comprised a smaller fraction of deaths at hours 6-23, and larger fraction at hours 1-5.
Mortality rates on the first day nonetheless fell at every minute and hour (Table 3) . At hours 0-5, the largest reductions were between the 1980s and 1990s. At hours 6-23, mortality rates declined in every decade. By 2000-2012, there was a 75% reduction in mortality at 6-23 h compared with 1981-1990, corresponding to 76.4 fewer deaths per 100 000. At 0-5 h, the rate declined by o 50%, with~57.6 fewer deaths per 100 000.
Mortality rates on day 0 improved the most for congenital anomalies, with rates decreasing by 44-77% between the 1980s and 2000s. By 2001-2012, there were 28.5 fewer deaths from congenital anomalies per 100 000 at 0-5 h and 19.6 fewer deaths at 6-23 h. For prematurity, mortality decreased by 80% at 6-23 h of life, with 40.7 fewer deaths in 2001-2012 compared with 1981-1990, but the decline was smaller at hours 0-5. Mortality from asphyxia did not decrease much, though there was a 60% reduction in the first 10 min and 76% reduction in the last 6-23 h. In general, excess deaths from asphyxia declined more modestly (8.7 per 100 000 at 0-5 h and 8.7 at 6-23 h). Improvements in mortality due to maternal and perinatal disorders were less apparent.
In sensitivity analyses, inclusion of infants weighing o 500 g at birth had no impact on late-and post-neonatal mortality, but attenuated the reduction in early-neonatal mortality in the last period. Early-neonatal mortality was 3.10 per 1000 in 2001-2012 when infants weighing o500 g were included, compared with 1.73 when they were excluded. Most deaths of infants o 500 g were concentrated in the first day of life (94.9%), with a larger Mortality on day 0 N Auger et al fraction of these in the first hour (43.9%). Prematurity was the cause for 59.2%, maternal disorders 17.0%, asphyxia 11.7% and congenital anomaly 10.3% of these deaths. Including infants o500 g removed the improvement in mortality at 0-5 h for prematurity and asphyxia, but had no impact on mortality at 6-23 h for any cause.
DISCUSSION

Main findings
We found significant reductions in mortality on the first day of life in a large Canadian province between 1981 and 2012. The largest reductions were at 6-23 h of life. Risk of death in the first hour decreased more between the 1980s and 1990s. In the 2000s, minute-to-minute risks on day 0 were stable over the first 59 min of life and decreased progressively until the third hour. Overall, however, the fraction of deaths on day 0 did not change with time. Mortality rates on day 0 decreased for the leading causes, including congenital anomaly, prematurity and asphyxia. For congenital anomalies, rates decreased the most at 0-5 h, whereas for prematurity rates decreased the most at 6-23 h. These improvements coincided with decreasing mortality from prematurity at 1-6 days, but little improvement at later ages. In contrast, mortality rates for congenital anomaly decreased at all points in infancy.
Interpretation Very little data are available on mortality in the first day of life. Most studies focus on neonatal mortality as a whole, 1,4-6,10 or early-neonatal mortality, 8 despite the fact that most deaths occur Mortality on day 0 on the first day. 2, 3, 7 The general consensus is that neonatal mortality is decreasing in high-income countries, but that preterm births are preventing further improvements. 3, 6 Our results suggest that mortality due to prematurity on day 0 decreased relatively more at hours 6-23 than at hours 0-5. Improvements in clinical practice in the 1990s such as antenatal steroids, antibiotics for prolonged rupture of membranes and ventilation techniques including surfactant and nitric oxide therapy may have contributed, 4,15-17 with a potentially greater impact after 6 h of life. Increases in multiple births or other changes in management of pregnancy may also be involved. 9, 18, 19 Reduction in mortality from congenital anomaly at hours 0-5 were greater. Some of reduction may be due to technological advancements in management of infants with anomalies, 20 but also in growing use of prenatal diagnosis and pregnancy termination with deaths shifted prior to delivery. 21 Researchers have proposed that close observation may be warranted to prevent sudden death in the first 2-24 h after birth, 22-24 especially for primiparous mothers or neonates held in potentially asphyxiating positions. 25 Whether closer observation could reduce mortality of preterm infants during hours 0-5 is unclear, but may be a route to consider. Researchers have suggested that neonatal intensive care saves preterm infants, but that infants who otherwise would have died on day 0 are displaced to later ages. 7 We cannot confirm this possibility, but our results showed no evidence of displacement in the first week. Mortality due to prematurity in fact decreased on 1-6 days, although reductions at 7-27 days were less apparent. The fraction of infant deaths at late neonatal ages increased, however, suggesting that displacement, if any, becomes apparent only after surviving the first week of life. Others have proposed that medical procedures save more infants with congenital anomalies, but that risk of death in childhood increases. 10, 20 This form of displacement was, however, less detectable in our data, as mortality from congenital anomalies fell at every point in infancy. More research is needed to determine whether intensive care and advanced medical procedures disproportionately shift of deaths to later ages.
Limitations
We used data from death certificates for a large population over three decades, but coding errors in age, 2 or cause of death, 26 cannot be ruled out, though these may have improved with time as digit preference decreased. Secondary causes of death were not available, thus we could not identify deaths related to prematurity but coded as other causes, 3 leading to underestimated mortality for this cause. 9 We could not calculate mortality for preterm and term births separately, as gestational age was not available. 10 We could not analyze mortality according to birth weight due to limited sample size. Deaths with very low birth weight may have been coded as stillbirths earlier in the study, 7 in which case we would have underestimated mortality rates in the 1980s. Finally, the results generalize to a large Canadian province with publicly funded health insurance, but caution should be used in generalizing elsewhere.
CONCLUSION
Researchers have expressed concern over the difficulty in reducing infant mortality in high-income countries. 27 The first day of life takes a large share of deaths, and our results suggest that mortality improved the least for the first 0-5 h of life. Although there have been large gains in reducing mortality due to congenital anomalies on day 0, prematurity and asphyxia require more attention, especially in the first few hours after birth. A better understanding of how preterm birth affects mortality in the first 6 h of life is needed in future research, including whether potential deaths are being displaced to later ages.
